ABSTRACT: Lipid droplets are highly associated with obesity, diabetes, inflammatory disorders, and cancer. A reliable two-photon dye for specific lipid droplets imaging in live cells and live tissues at ultralow concentration has rarely been reported. In this work, four new aggregation-induced emission luminogens (AIEgens) based on the naphthalene core were designed and synthesized for specific twophoton lipid droplet staining. The new molecules, namely, NAP AIEgens, exhibit large Stokes shift (>110 nm), high solid-state fluorescence quantum yield (up to 30%), good two-photon absorption cross section (45−100 GM at 860 nm), high biocompatibility, and good photostability. They could specifically stain lipid droplets at ultralow concentration (50 nM) in a short time of 15 min. Such ultralow concentration is the lowest value for lipid droplets staining in live cells reported so far. In vitro and ex vivo twophoton imaging of lipid droplets in live cells and live mice liver tissues were successfully demonstrated. In addition, selective visualization of lipid droplets in live mice liver tissues could be achieved at a depth of about 70 μm. These excellent properties render them as promising candidates for investigating lipid droplet-associated physiological and pathological processes in live biological samples.
L ipid droplets are ubiquitous lipid-rich spherical organelles in most cells and organisms. Lipid droplets mainly contain triglycerides and cholesterol esters and are enclosed by a phospholipid monolayer with specific proteins. 1 Lipid droplets as dynamic organelles are involved in many cellular functions, including lipid metabolism, membrane synthesis and transfer, signal transduction, protein degradation, and so on. 2 Recent studies have shown that lipid droplets are also highly associated with obesity, diabetes, inflammatory disorders, and cancer. 3 Imaging techniques, such as transmission electron microscopy, Raman microscopy, and immunofluorescence microscopy, have been utilized to visualize lipid droplets, but such methods suffer from complicated procedures and poor cellular permeability and may disturb the functions of cells. 4−6 Therefore, the development of effective methods for direct and selective lipid droplet visualization and monitoring in bio-logical samples containing live cells and live tissues is of great importance.
Fluorescence imaging has become an indispensable tool for visualizing the localization and the dynamics of cellular compartments and molecular processes due to its excellent selectivity, remarkable sensitivity, and extraordinary temporal/ spatial resolution. 7−9 Compared with one-photon fluorescence imaging, two-photon fluorescence imaging utilizes two nearinfrared (NIR) photons as the excitation source and is beneficial for biomedical imaging because of deeper tissue penetration, higher spatial resolution, lower background fluorescence, and lower photodamage and photobleaching. 10, 11 Nile Red and BODIPY 493/503 (Scheme S1 in the Supporting Information) are commercially used fluorescent dyes for lipid droplet staining but show some drawbacks. 12, 13 Nile Red shows undesirable background staining and broad emission to limit its application in multicolor imaging. BODIPY 493/503, however, exhibits very small Stokes shifts to trigger nonradiative energy loss and interference from the scattered light. Great efforts have been made to develop novel lipid droplet dyes to solve these problems. 12−21 Because the normal concentration used for lipid droplet staining falls in the range of 5−10 μM or even higher, these dyes show weak emission due to the aggregation-caused quenching (ACQ) effect. 22 Few dyes have been synthesized for lipid droplets imaging and function at nanomolar concentrations. However, they show nonspecific staining and exhibit blue emission in live cells to result in low signal-to-noise ratio. 23−25 These ACQbased dyes also show small Stokes shifts and pretty low photostability. Their use in two-photon deep-tissue imaging is rarely explored. 17, 25 Thus, these limitations prompt us to search for new fluorescent dyes with better properties such as two-photon deep-tissue imaging, low incubation concentration, large Stokes shift, high photostability, and high biocompatibility for selective lipid droplets imaging.
Our group proposed a phenomenon of aggregation-induced emission (AIE), which is the exact opposite of the ACQ effect. 26 Because the AIE phenomenon is of academic value and practical implication, many AIE luminogens (AIEgens) have been synthesized and applied in chemosensing, 27 bioprobe, 28 bioimaging, 29 diagnosis and therapy, 30 organic light-emitting diodes, 31 and other applications. 32−35 Recently, our group has developed several AIEgens (Scheme 1) with multicolour emissions, high photostability, and biocompatibility for selective lipid droplets imaging. 36−42 Based on electron-donating triphenylamine group, two-photon-active AIEgens named IND-TPA and TPA-BI for selective lipid droplets staining were synthesized by introducing different acceptors (Scheme 1). 40, 41 We successfully applied these two AIEgens for two-photon lipid droplet imaging in live cells and further used TPA-BI for two-photon imaging in fixed tissue. Considering that the use of high dye concentration for live sample imaging may affect the normal physiological activity of the cells, it is therefore imperative to develop new two-photon AIEgens that can function at a low incubation concentration.
In addition, what is the inherent force to drive the abovementioned ACQ dyes and AIEgens to lipid droplets in live cells? Moreover, very scant attention has been paid to investigate the relationship between inherent features of dye molecules and their lipid droplet staining properties in live cells. 43 Because of high components of triglycerides and cholesterol esters, the inherent environment of lipid droplets is lipophilic. Therefore, lipophilic organic dyes with high hydrophobicity probably show potential lipid droplets staining ability. Organic dyes with donor−acceptor structures have been studied for a long time. By increasing the electron-withdrawing ability of the acceptor by introducing large heterocyclic ring, the resulting organic dyes generally show redder fluorescence, higher hydrophobicity, and larger two-photon absorption cross section but lower cell penetrability. The balance between hydrophobicity and cell penetrability thus should be carefully adjusted. However, there is very limited room to achieve such goal. On the other hand, naphthalene-based donor−acceptor molecules have been demonstrated as two-photon probes for fluorescence detection and bioimaging in live cells. 44 However, naphthalene has rarely been used as a core for constructing AIEgens. Herein, by introducing different acceptor units, we synthesized a novel family of two-photon naphthalene-based donor−acceptor AIEgens abbreviated as NAP AIEgens (Scheme 2) for specific two-photon lipid droplets visualization in live cells and live tissues at ultralow concentration. Their photophysical properties were investigated by one-and twophoton fluorescence spectroscopy, single-crystal X-ray diffraction, and density functional theory (DFT) calculations. Their specificity for lipid droplets-staining was studied by confocal (one-photon) and two-photon imaging microscopy as well as calculated logP (ClogP).
■ RESULTS AND DISCUSSION
Design and Synthesis. The synthetic routes of NAP AIEgens are depicted in Scheme 3. Compound 1 was synthesized according to the previous work. 45 Methylation of compound 1 using CH 3 I generated compound 2. Figure S28 ), which prevented the loss of excited-state energy through nonradiative decay channels by intramolecular motion to enable the molecules to emit in the solid state. The intermolecular C−H···N interaction is probably the main driving force for the formation of NAP-Br crystals with E isomeric conformation. However, the molecules of NAP-Br, NAP-Py, and NAP-Py + in the crystal lattice were arranged in a head-to-tail arrangement ( Figure S27A ,C,D), suggestive of the formation of J-aggregates. Previous studies showed that the angle (0°< θ 1 < 54.71°) between the molecular plane and the aggregation direction determined the occurrence of Jaggregation. 46, 47 The angle (θ 1 ) determined in NAP-Br, NAP-Py, and NAP-Py + was 37.15°, 19.95°, and 31.54°, respectively, demonstrating that these AIEgens did form Jaggregation. Unlike NAP-Py and NAP-Py + , no J-aggregates were formed in NAP-CF 3 , probably due to its more twisted structure ( Figure S27E ). The dihedral angles (θ 2 ) between the naphthalene (green color) and benzene planes (purple color) in NAP-CF 3 , NAP-Py, and NAP-Py + are 36.68°, 1.20°, and 5.45°, respectively ( Figure S27E ). The large angle value in NAP-CF 3 verified its highly twisted structure.
Photophysical Property. The absorption and fluorescence (FL) spectra of NAP AIEgens are shown in Figures 2 and S29−S32, and the data are summarized in Table 1 . NAPPh showed an absorption maximum (λ abs ) at 409 nm and an emission maximum (λ em ) at 523 nm in dilute THF solution (Figure 2A ,B). Addition of water to the THF solution slightly red-shifted its emission, while the FL intensity decreased initially and then increased afterward when the water fraction (f w ) exceeded 20%. At f w = 90%, NAP-Ph emitted intensity at 557 nm due to the formation of aggregates ( Figure 2B ), indicative of an aggregation-enhanced emission (AEE) property. The FL intensity dropped when the f w was further increased to 99%. Such phenomenon is often observed in AIEgens and is associated with the change of the morphology and size of the aggregates formed in aqueous mixtures with high water fractions. 34 Other molecules are also AEE-active as proved by the FL analysis ( Figure S29 ). It should be noted that the FL of NAP AIEgens in aqueous suspensions is only severalfold stronger than that in THF (NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py) or CH 3 CN (NAP-Py + , due to its low solubility in THF) ( Figure 2C ), probably the formed aggregates are of loose packing. In addition, the dynamic light scattering data showed that these NAP AIEgens exhibited different hydrated diameters ranging from 119 to 274 nm in water solution with 1% THF (NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py) or 1% CH 3 CN (NAP-Py + ) ( Figures 2D and S30) , successfully demonstrating the existence of aggregates. NAP AIEgens possess donor−acceptor structures, and their electron-withdrawing ability is in the order of NAP-Py + > NAP-CF 3 > NAPPy > NAP-Br > NAP-Ph. The stronger electron-withdrawing ability leads to better electronic communication to result in redder absorption in NAP-Py + and shorter λ abs in NAP-Ph. The FL of NAP AIEgens were further studied in solvents with different polarities (Figures 2E and S31 ). The λ em of NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py gradually red-shifted when the solvent was changed from toluene to diethyl ether, THF, acetone, and then DMSO. This indicates that they exhibit positive solvatochromism due to the intramolecular charge transfer effect. However, NAP-Py + showed negative solvatochromism. Except NAP-CF 3 , all the molecules emitted redder in the solid state (555−676 nm) than in the solution ( Figure  2F and Table 1 ), due to the J-aggregate formation. NAP-CF 3 may take a more twisted structure in the solid state than in solution to result in its blue-shifted emission in the solid state. It is worth to mention that NAP AIEgens exhibit large Stokes shifts (Table 1 ). Such property helps reduce self-absorption to afford high resolution and facilitate multichannel bioimaging. 45 The FL quantum yields of NAP AIEgens were measured by using an integrating sphere. All the molecules show low quantum yields in organic solvents because the active intramolecular motion consumed the energy of the excited state through nonradiative processes. However, such motion was restricted in the solid-state due to multiple intramolecular interactions to result in high FL quantum yields. The solidstate FL quantum yield of NAP-Py + was low due to its narrow energy gap to enhance nonradiative transitions ( Figure S33 ). 48 The FL lifetime in the solution and solid state was also checked. The longer value in the solid state than in solutions verified that the restriction of intramolecular motion could prohibit energy dissipation via nonradiative channels to enhance the FL of NAP AIEgens (Table 1 and Figure S32 ).
Theoretical Calculation. DFT calculations were performed at the B3LYP/6-31G level of theory by using the Gaussian 09 program package to further investigate the optical properties of NAP AIEgens. 49 Figure S33 shows the calculated HOMOs and LUMOs of NAP AIEgens. The orbitals of HOMOs of NAP AIEgens were mainly delocalized on the whole molecules especially in the substituted naphthalene ring. The LUMOs, however, were mainly contributed by the orbitals of the cyanostilbene unit. Obvious orbital separation of HOMOs and LUMOs was observed in NAP-Py + due to its strong intramolecular charge transfer effect. The energy band gap decreased in the order of NAP-Py + > NAP-CF 3 > NAP-Py > NAP-Br > NAP-Ph due to the progressive increase in the electron-accepting ability. This led to a red-shift in absorption, which is in good accordance with the measured photophysical data ( Table 1) . Two-Photon Excited Fluorescence. Previous studies showed that naphthalene-based donor−acceptor molecules exhibited two-photon absorption. 44 NAP AIEgens possess conjugated donor−acceptor structures, and they are thus anticipated to show two-photon absorption property. To demonstrate this, the two-photon excited fluorescence of aggregate suspensions of NAP AIEgens in H 2 O containing 10% THF (NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py) or 1% CH 3 CN (NAP-Py + ) was investigated using a femtosecond pulsed laser as excitation source (800−900 nm). As shown in Figure S34 , obvious two-photon excited fluorescence signals were observed in the molecules, and their FL spectra resembled those excited by one-photon, revealing the same excited state for the radiative decay process. Using fluorescein as standard, 50 the two-photon absorption cross sections (δ) of the molecules at different wavelengths were measured. Although NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py exhibited only moderate δ values of about 45−100 GM at 860 nm, they were still larger than that of fluorescein.
Chemistry of Materials
50 NAP-Py + showed the highest δ value due to its large conjugation and strong intramolecular charge transfer effect. 10 To further study their two-photon excited fluorescence, their solids were directly excited at 800 nm. As shown in Figure S35 , even at a low excitation of ∼0.35 mW, we could still obtain strong twophoton excited fluorescence signals. Actual two-photon response of NAP AIEgens as a function of input intensity was further evaluated. The logarithm of integrated two-photon excited fluorescence (log A) versus the logarithm of laser intensity (log I) showed a good linearity with the slope of 1.673−1.890 ( Figure S36 ), basically confirming the observed emissions indeed arise from two-photon excited fluorescence. These data reveal that the NAP AIEgens are promising contrast agents for two-photon fluorescence imaging.
In Vitro One-Photon Fluorescence Imaging. We first performed one-photon cell imaging experiments by confocal laser scanning microscopy to evaluate the biological applications of NAP AIEgens. After incubation in HeLa cells for 15 min, bright fluorescence of NAP AIEgens was observed in the cytoplasm ( Figures S37 and S38) , indicating their excellent membrane permeability. The in situ fluorescence spectra of NAP AIEgens in HeLa cells were acquired by using the Lambda mode ( Figure S39 ) and revealed blue-shift emission in live cells probably due to their intramolecular charge transfer effect. 41 To confirm the intracellular location of NAP AIEgens in live cells, co-staining experiments with Nile Red, a commercial lipid droplet dye, were performed. The molecules of NAP-Ph, NAPBr, NAP-CF 3 , and NAP-Py were distributed in HeLa cells in a way similar to that of Nile Red (Figure 3) , and the corresponding Pearson's coefficient was 0.90, 0.83, 0.85, and 0.88, respectively. Clearly, they are novel lipid droplet-specific dyes. In contrast, NAP-Py + showed a high overlap (Pearson's coefficient of 0.89) with MitoTracker Deep Red FM, a commercial mitochondria dye ( Figure S40 ). It is reasonable because positively charged dyes like NAP-Py + prefer to stain mitochondria due to their high negative membrane potential. 51 Why do other NAP AIEgens without positive charge locate in lipid droplets?
To seek a reasonable explanation for the high specificity of NAP AIEgens to lipid droplets, we performed some basic calculations. Considering the inherent lipophilic environment of lipid droplets due to the high component of triglycerides and cholesterol esters, we anticipated that lipophilic organic dyes with high hydrophobicity or high logP (n-octanol/water partition coefficient) value will specifically locate in lipid droplets, which was consistent with the theory of similarity and intermiscibility. Here, we define ClogP as calculated logP, 52 and its value was estimated using ChemBioDraw 14.0. The ClogP values of the lipid droplet dyes are summarized in Table  S5 and Figure 4 and fall in the range of 3.1−16.643 (Table S5) . Horobin et al. previously reported that organic dyes for lipid droplets staining usually exhibited logP value larger than 5 Abbreviation: λ abs = absorption maximum; λ em = emission maximum; Φ F,S and Φ F,P = fluorescence quantum yield in solution and solid powder, respectively; τ = fluorescence lifetime. predicted by using QSAR (quantitative structure activity relations) models. 43 It is particularly gratifying to note that NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py exhibit ClogP values of 5.184−6.681 (Figure 4 ), which were higher than those of Nile Red (4.618) and BODIPY 493/503 (5.028). The high ClogP values probably could explain why these AIEgens showed better lipid droplet staining performance than Nile Red. The ClogP value of NAP-Py + was deduced to be 0.340, which was too low to meet the requirement for lipid droplet staining. 43 These semitheoretical data further indicated that these lipophilic AIEgens could specifically locate in lipid droplets.
We further performed one-photon imaging experiments in HeLa cells stained with 50 nM NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py. The performance of Nile Red was also tested for comparison. To our astonishment, strong fluorescence of NAP AIEgens in lipid droplets with low background fluorescence was also obtained at such low concentration ( Figure 5 ) and low confocal laser intensity (405 nm, intensity = 12%). As far as we know, this is the lowest concentration for lipid droplet imaging. Although Nile Red could also be applied for lipid droplets imaging at such low concentration, it showed nonspecific staining in cytoplasm. This results in low signalto-noise ratio and is in accord with the previous studies. 12, 13 Evidently, the NAP AIEgens show more outstanding lipid droplet staining capacity than Nile Red. Two reasons may account for lipid droplet-specific staining at such ultralow concentrations: one is the inherent lipophilic properties of the NAP AIEgens, which are demonstrated by their high ClogP values (Figure 4) . The other is their enhanced fluorescence in lipid droplets than in solution. To demonstrate the latter reason, we investigated the fluorescence changes of NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py in the presence of 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and trioleate glycerol (TAG). As shown in Figure S41 , the fluorescence of these AIEgens blue-shifted in the presence of DMPC and TAG, and their intensity was stronger than that in PBS (pH = 7.2) by 1.7−3.6-fold. This results in their enhanced fluorescence in live cells and low incubation concentration for specific lipid droplet staining. This is also the reason why the in situ fluorescence of these AIEgens in live cells was observed at a shorter-wavelength region (Figures S37 and  S39) .
Generally, AIE-based dyes show none or low emission in the soluble state, but they emit strong fluorescence in the restricted environment. 34 Previous study reveals that the inner parts of organelles in live cells have different viscosities. 53 Considering their ultralow concentrations and intramolecular charge transfer property ( Figures 2E and S31) , NAP AIEgens showed blue-shifted and enhanced emissions in restricted viscous and nonpolar lipid droplets, while the other parts with high polarity in live cells showed quite low fluorescence with high signal-tonoise ratio. The blue-shifted emissions were confirmed by in situ fluorescence spectra ( Figure S39 ), and the enhanced emissions were demonstrated by in vitro fluorescence spectra ( Figure S41 ) in the presence of 1,2-dimyristoyl-sn-glycero-3-phosphocholine and trioleate glycerol.
In Vitro and ex Vivo Two-Photon Fluorescence Imaging. We have demonstrated that NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py displayed good two-photon excited fluorescence with moderate two-photon absorption cross sections (45−100 GM at 860 nm). The successful application of these AIEgens for specific lipid droplets staining in live cells with one-photon microscopy encourages us to evaluate their utility in the two-photon mode. We performed two-photon fluorescence imaging of these NAP AIEgens in HeLa cells using a 860 nm femtosecond pulsed laser. As shown in Figure  6A , bright green fluorescence of lipid droplets was observed in live cells at an excitation wavelength of 860 nm. Such situation was almost identical to that observed under one-photon excitation of 405 nm. Compared with the other two-photon fluorophores for in vitro live cell lipid droplets staining, 13, 21, 40, 41 our NAP AIEgens display better performance in terms of ultralow concentration and low background fluorescence. These data showed that the present AIEgens show great potential in two-photon fluorescence imaging. The two-photon fluorescence imaging outperforms imaging in one-photon mode for its high penetration in tissues and low background fluorescence because of near-infrared light excitation and low excitation power. 10, 11, 54 To further demonstrate these merits, ex vivo two-photon imaging of live mice liver tissue incubated with NAP-CF 3 was carried out. After incubation with NAP-CF 3 (1 μM) for 1 h, to our surprise, spherical spots with bright two-photon fluorescence of NAP-CF 3 were observed ( Figure 6B ). The live mice liver tissue incubated with no NAP-CF 3 , however, with only low background fluorescence. These data reveal that NAP-CF 3 also displays excellent lipid droplets staining property in live mice liver tissue with quite low background fluorescence. To investigate whether NAP-CF 3 shows lipid droplet-specific staining in deep live mice liver tissue, we capture the twophoton fluorescent images along the Z-axis. As shown in Figure  6C and Movie S1, the fluorescence signal of the spherical spot could be clearly detected along the Z-axis at a depth of even up to 70 μm. In addition, 3D two-photon fluorescent images with high resolution along different visual directions were successfully reconstructed (Figures 6C). Clearly, this demonstrates the high penetration and high signal-to-noise ratio of two-photon imaging of NAP-CF 3 . Compared with TPA-BI for two-photon lipid droplet imaging in fixed tissue, NAP-CF 3 could selectively stain lipid droplets in live tissue at lower incubation concentration (1 μM for NAP-CF 3 and 10 μM for TPA-BI), deeper tissue penetration (near 70 μm for NAP-CF 3 and 45 μm for TPA-BI), and lower background fluorescence.

41
One recent work using a luminescent metal complex LD-TPZn shows deeper penetration (115 μm) in fixed tissues; however, the procedure for preparing the fixed tissues is complicated, and the incubation time of 6 h at the concentration of 2 μM is quite long. 21 Fatty liver diseases are characterized by an increased level of lipid storage in lipid droplets, and they could progressively lead to chronic liver injury, fibrosis, and even hepatocellular cancer. 55 Oil Red O staining could be used to diagnose such diseases. 56 However, Oil Red O could only stain lipid droplets in fixed tissues, which need complicated procedures, and fixed tissue slice preparation is timeconsuming. In addition, its sensitivity and penetration is low and shallow in comparison to the fluorescence method. Considering its live deep-tissue penetration (70 μm) and high sensitivity and selectivity, we anticipate that our NAP-CF 3 could not only go deeper to investigate lipid droplets associated changes with high signal-to-noise ratio but also potentially offer a simple, fast, and reliable way to diagnose lipid droplet-related diseases like fatty liver diseases in live samples. Therefore, such excellent two-photon tissue imaging ability of NAP-CF 3 renders it as a tremendous tool to visualize lipid droplet-associated biomedical application in live tissues.
Photostability and Cytotoxicity. The NAP-AIEgens already demonstrate excellent bioimaging characteristics, how about their photostability and cytotoxicity? To check the photostability of NAP AIEgens, we continuously irradiated their stained cells with confocal lasers and collected the fluorescence signal at every second. After continuous irradiation for 10 min, more than 90% of the initial fluorescence intensity still remained in NAP-CF 3 and NAPPy, while the remaining molecules suffered different extent of emission drop ( Figure 7A) . However, such situation was much better than that of Nile Red under the same condition. These data indicate that NAP-CF 3 and NAP-Py can be used for longterm monitoring of the dynamic changes of lipid droplets in biological samples. Furthermore, standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium) assays were performed to evaluate the cytotoxicity of NAP AIEgens in live cells. As seen in Figures 7B and S42 , after incubation in HeLa cells for 24 h, the viability of HeLa was still high, revealing that these AIEgens exhibit negligible cytotoxicity within the tested concentrations and are biocompatible with the biological samples.
■ CONCLUSIONS
In this work, new AIEgens (NAP-Ph, NAP-Br, NAP-CF 3 , and NAP-Py) for specific two-photon lipid droplet staining in live cells and live tissues were designed and synthesized. Their photophysical properties were investigated by one-and twophoton fluorescence spectroscopy, DFT calculation, and single-crystal X-ray diffraction. The new AIEgens exhibit large Stokes shift (>110 nm), high solid-state fluorescence quantum yield (up to 30%), and good two-photon absorption cross-section (45−100 GM at 860 nm). Live cell imaging experiments demonstrated that they showed specific lipid droplets staining with high signal-to-noise ratio at ultralow concentration (50 nM). Such concentration was the lowest concentration for lipid droplet visualization in live cells reported so far. In addition, the ClogP values revealed that these lipophilic AIEgens could specifically locate in lipid droplets. Using NAP-CF 3 as an example, two-photon specific imaging of lipid droplets in live mice liver tissues and visualization of lipid droplets with a high signal-to-noise ratio at a depth of up to about 70 μm could be realized. The new AIEgens also exhibited high biocompatibility and good photostability. This work provides a direct way to rationally develop new AIEgens for selective lipid droplets visualization and suggests that NAP AIEgens can be used as powerful tools to unravel the roles lipid droplets play in cellular physiology and in diseases. 
